shown that when the chain length of alcohol was greater, the heat of immersion was smaller.
When manganese nodule was immersed in butanethiol, the heat was exceptionally large.
Introduction
Manganese nodules (Mn-N) found on the floor of the ocean are composed mainly of iron and manganese oxides. They could be utilized as new mineral sources because they exist in large quantities1). Accordingly, many investigations on the extraction of valuable metals from Mn-N have been made2). On the other hand, the large specific surface area of Mn-N and its composition containing various transition metal oxides suggest that Mn-N may be utilized as an effective catalyst or an adsorbent. It has been already reported that Mn-N has indicated considerable activity for many catalytic reactions3) and for demetalation of petroleum4). However, there is hardly any study to elucidate the surface properties and active sites of Mn-N, probably, because of the complexity of the structure of Mn-N. One of the methods, frequently used to study the properties of a solid surface, is to determine the heat of immersion of the solid5). The objective of this paper is to better ascertain the surface properties of Mn-N by measuring its heat of immersion in water and/or in various organic liquids and to obtain some basic data for utilization of Mn-N as an adsorbent.
Experimental

Materials
The Mn-N used in this study was collected from the Pacific Ocean off the Hawaii Islands. The sample was washed with distilled water and crushed to 20-42 mesh. The surface area was measured by nitrogen adsorption using the BET method.
The water used for immersion was deionized and distilled. Other organic liquids were guaranteed reagents and they were fractionally distilled and then dried with activated molecular sieve 3A before and during measurements.
Method
A twin isoperibol calorimeter (Tokyo Riko Co., Ltd., Type TIC-2D) was used to measure the heat of immersion. The calorimeter consists of two Dewer flask cells, each of 220cm3 capacity. The cell was sealed tightly with a cover with a Teflon or a Viton O-ring.
Samples of 1g each were degassed and activated at a given temperature under a pressure of 1.3 Pa for 3 hours in thin Pyrex glass ampoules which were partly indented for easy breaking later. After this treatment, the ampoules were sealed off under vacuum. Then these ampoules were placed in the cells containing 90cm3 of liquid and the liquid was stirred for at least 12 hours in a thermostat. One of two ampoules contained a sample and the other was empty. After attaining a thermal equi- long time in air with saturated water vapor pressure after the pretreatment. In other words, when the temperature of pretreatment was higher, the amount of water loss from the sample was smaller, as shown by the following data: 473K (13.6%), 523K (13.7 %), 573K (13.5%), 623K (13.2%), 673K (12.1 %), 723K (11.1%) and 773K (11.3%), where the temperatures are pretreatment temperatures and the values in parentheses are the thermogravimetric losses of rehydrated samples up to the pretreatment temperatures.
In general, hydroxyl groups exist on the surface of a metal oxide and play an important role in the interaction between the surface and water. In the case of silica, it is well known that the number of hydroxyl groups on the surface contributes to the change in the heat of immersion in water with pretreatment temperatures. As a result, the heat of immersion attains a maximum value at a certain pretreatment temperature7),8). Similar phenomena have been reported for the heat of immersion of TiO29), of Fe2O310) and of Al2O311) in water. Heats of immersion of these oxides show their maxima in the temperature range from about 570 to 770K, and these temperatures are higher than that of Mn-N. This may be caused by the fact that the adsorbed water and surface hydroxyl groups on Mn-N are removed at lower temperatures. 3.2 Heat of Immersion in Benzene In Fig. 2 the heat of immersion of Mn-N in benzene is plotted as a function of pretreatment temperature. The heat of immersion is very large at some low pretreatment temperature such as 393K, and above this temperature it decreases, passes through two maxima at approximately 523 and 723K. Large heat values at low temperatures could be due to the additional contribution of the heat of dissolution in benzene of the soluble impurities found in Mn-N. This would be supported by the following fact. The sample of Mn-N which was stored in benzene for 10 days to remove the soluble substances was filtered and dried in air for 24 hours at 373K, followed by heat treatment in the same manner the original sample was treated. The heat of immersion of Mn-N pretreated with benzene is plotted in Fig. 2 with closed circles and the value at 393K is lowered substantially and the heat of immersion becomes almost constant up to 473K.
As mentioned above, the adsorbed water is completely removed at temperatures between 423 and 473K. Accordingly, the Mn-N surface treated at 16 ) have shown that under certain assumptions there exists a linear relationship between heat of immersion of a solid in a series of butyl derivatives and dipole moment of the liquids and that the average value of the electrostatic field strength at the solid surface can be estimated from the slope of the line. This method has been applied to various powders successfully17) regardless of the validity of the assumptions18). In the present case, the heat of immersion of Mn-N in the butyl derivatives is plotted against the dipole moment of the liquids to estimate the average electrostatic field strength of Mn-N surface by this method. The results are shown in Fig. 3 . As illustrated in Fig. 3 , Zettlemoyer's method cannot be applied to Mn-N surface. This indicates that the assumptions Zettlemoyer et al. used in the method fail in the system. One of their assumptions is that only physical adsorption occurs in the immersion of the solid. It is, however, plausible that chemical adsorption also occurs on the Mn-N surface, because butylamine must form ammonium ions by interaction with the acid sites (hydroxyl groups) on the Mn-N surface. The presence of basic sites interprets adequately that the heat of immersion of Mn-N pretreated at 723K in butanoic acid is larger than that in 1-butanol which has almost the same value of dipole moment: This is another evidence that chemical adsorption takes part in immersion. The method of Zettlemoyer also requires a second assumption that 
